The authors have previously reported the effectiveness of using self and peer assessment to improve learning outcomes by providing opportunities to practise, assess and provide feedback on students' attribute development. Despite this work and the research of others, a significant number of students and indeed many academics focus on the freerider deterrent capability of self and peer assessment, rather than its capacity to provide opportunities for developing judgement and facilitating reflection and feedback to complete the learning cycle. The advent of web-based tools such as SPARK PLUS allows the frequent and efficient implementation of self and peer assessment activities even in large classes. This article reports the results of an investigation as to whether the regular use of self and peer assessment in different contexts promoted effective peer learning, increased engagement and encouraged students to learn.
Introduction
The authors have previously reported the effectiveness of using self and peer assessment to improve learning outcomes by providing opportunities to practise, assess and provide feedback on students' attribute development. Despite this work and the research of others, many students (and academics) perceive self and peer assessment to be mainly an instrument to facilitate fairness, focusing on its free-rider deterrent capacity in group assessment tasks, rather than providing opportunities for reflection and feedback to complete the learning cycle (Willey and Gardner 2008a) .
In previous research the authors found that many students in well functioning teams often commented that they had little to discuss in regard to their self and peer assessment results, even though being guided through a feedback process, as they believed that everyone in the team had contributed fairly. Typically they did not take the opportunity to discuss how they could have improved their work and hence missed the opportunity to benefit from feedback that would assist their ongoing professional development or potentially improve their grade in subsequent assessment tasks or subjects. Furthermore, nearly a quarter of students in well functioning teams reported that they did not think self and peer assessment improved their group work experience (Willey and Gardner 2008a, Willey & Freeman 2006a ).
It is the authors' intention that all students would benefit, both from the reflective nature of self and peer assessment and the feedback it provides, and for these benefits to be seen as valuable and desirable so that students are eager to participate.
This article reports on the integrated use of self and peer assessment in an Engineering Design subject. Self and peer assessment was used not only to assess team contributions, but to assess individual student assignments and in benchmarking exercises. In particular, this research investigates if exposing students to the use of self and peer assessment for different purposes, providing them with multiple opportunities to practise and receive feedback in different contexts, promoted effective peer learning, increased engagement and encouraged students to learn.
Background
The use of self and peer assessment has been widely reported in the literature (Goldfinch 1994 , Goldfinch & Raeside 1990 , Falchikov & Goldfinch 2000 . In addition to providing fairer assessment of group work, self and peer assessment is reported as assisting students to develop important professional skills including reflection and critical thinking (Mello 1993 , Somervell 1993 ). Michaelsen discusses the use of self and peer assessment to promote peer learning (Michaelsen et al. 2004 ), while Hanrahan and Isaacs (2001) report that it contributes to students' development of critical thinking skills and motivates students to submit better initial submissions knowing they would be reviewed by their peers. Willey and Freeman (2006a, 2006b) report using self and peer assessment to produce formative learning-oriented feedback to complete the learning cycle and encourage the ongoing development of skills.
Furthermore, Boud and Falchikov (2007) discuss its use for developing students' skills for lifelong learning. More recently the authors have reported the effectiveness of using self and peer assessment to improve learning outcomes by providing opportunities to practise, assess and provide feedback on students' graduate attribute development (Willey and Gardner 2008a) .
Recently momentum has grown for assessment to change from 'assessment of learning' to 'assessment for learning' (Torrance 2007) . Learning-oriented assessment embeds learning in assessment, reconfiguring its design to emphasise the function of learning (Keppell & Carless 2006; . Its three main elements (Carless 2007 , Black & Wiliam 1998 are:
(1) assessment tasks that focus on learning (2) involving students in the assessment process to develop their graduate attributes including judgement (3) feed-forward to improve subsequent contributions and learning. Rust et al (2005 pg243) report "that of the whole assessment process, the research literature is clear that feedback is arguably the most important part in its potential to affect future learning and student achievement". However, feedback is often provided long after the assessable work has been completed, at which time students may no longer be interested, instead being focused on the next assessment task. Hence, for feedback to be productive and used for student reflection, it must be both timely and focused.
However, while the provision of detailed feedback and assistance by instructors typically leads to higher quality student submissions, care needs to be taken. The authors have noticed a tendency for some students to become 'incremental learners' whereby they seek ongoing direction from academic staff to improve their submission. It occurred to us that some students were not exercising their own judgement but rather simply implementing what they were told. Their focus being on securing a better grade by giving the instructor exactly what they want, without question, rather than learning from or even understanding the feedback provided.
Hence, there is a danger that ongoing feedback if not focused correctly (to inspire and motivate students to learn rather than circumvent their reflection and thinking), may encourage dependent rather than independent learning. Furthermore, a reliance on the academic's judgement reduces both the challenge of the learning process and the legitimacy of the assessment (Torrance 2007) . In contrast, peer learning encourages students to take more responsibility for their own learning ).
Self and peer assessment would appear to be an ideal tool to facilitate learning oriented assessments. It has the capacity to encourage students to take more responsibility for their own learning by requiring them to provide their own feedback, contribute to their own assessment and to the assessment of their peers. Having students provide feedback improves their judgement, assessment ability and critical evaluation skills. Since students provide the feedback themselves they have to use their judgement to determine both the validity of the feedback and how they should respond, addressing the 'incremental learner' concerns discussed above. Furthermore, since typically each student only assesses a small number of their peers, feedback can be both timely, frequent and focused (by the use of appropriate criteria) without undue burden. We recommend concluding these learning activities with academic feedback to complete the learning cycle. With careful design such activities can also change students' attitude to learning and introduce them to the different modes of learning.
In addition, we believe students need opportunities to practise and test their knowledge to first identify then rectify gaps in their learning. The authors encourage students to push their learning boundaries and not to be scared to make mistakes. Our motto is 'mistakes compress learning' and we aim to provide opportunities for students to make mistakes (initially with low risk), understand why they are incorrect, and then apply this knowledge to new situations and contexts to produce new learning. The regular use of self and peer assessment provides opportunities for students to practise, test, receive feedback on and develop their judgement, an essential attribute for lifelong learning (Boud & Falchikov 2007 ).
In previous research Willey and Freeman (2006a, 2006b) reported their use of an online tool called SPARK® (Freeman & McKenzie 2002) , to facilitate confidential self and peer assessment and focus students' efforts on learning and practicing the skills required for teamwork.
For several years the authors have used self and peer assessments, collected using the online tool SPARK®, to not only promote the development of professional skills but to facilitate the provision of regular feedback in large engineering classes. In previous research self and peer assessment was found to improve students' groupwork experience, reduce the instances of free-riders and encourage students to improve their professional skill development (Willey & Freeman 2006a , 2006b . Students reported that the use of self and peer assessment, together with criteria that specifically assessed teamwork processes, had encouraged team cooperation, commitment and increased individual student engagement.
This research identified the need to expand the functionality of SPARK® and with a group of other developers (see acknowledgements) a new version of SPARK® known as SPARK PLUS was developed (Willey and Gardner 2008b, 2008c Individual mark = team mark x Individual's SPA factor
The second factor is the Self Assessment to Peer Assessment or SAPA factor. This is the ratio of a student's own rating of themselves compared to the average rating of their contribution by their peers:
Self ratings for individual team member SAPA Factor
Average of ratings for individual by peer team members

The SAPA factor compares a student's self assessment to the assessment of their contribution and/or submission by their team peers. It has strong feedback value for development of critical reflection and evaluation skills. For example, a SAPA factor greater than 1 means that a student has rated their own performance higher than the average rating they received from their peers and vice versa.
The third factor is a percentage mark, the calculation of which depends on the type of task that has been selected (e.g. benchmarking exercise or marking individual work). 
SPARK
PLUS has many additional features including a choice of different algorithms to calculate both the SPA factor and a student's percentage marks, the selection of which depends on the design of the assessment task and the desired learning outcome. The program also contains management features to assist academics in identifying saboteurs, free riding students and teams that may be experiencing some dysfunction. For more information on SPARK PLUS please refer to the webpage at http://spark.uts.edu.au (Willey 2010) .
Design Fundamentals
Design Fundamentals is a Stage 3 compulsory core subject undertaken by students from all engineering disciplines at the University of Technology, Sydney. The subject's typical cohort is approximately 300+ students with tutorial classes being limited to a maximum of 32 students.
The subject's primary aims are to:
(1) Develop students' understanding of the engineering design process (2) Provide students with the skills to develop a small engineering project from initial concept to the production of a prototype.
(3) Continue the development of students' professional skills including teamwork, critical evaluation, judgement, feedback and communication commenced in earlier subjects.
To promote the development of professional skills, provide students with feedback, improve student's judgement and critical evaluation skills, encourage both academic honesty and students to take responsibility for their own learning, a process of self and peer assessment (collected using the online tool SPARK PLUS ) is used four times during the semester. The results of these assessments are used to:
(1) Provide constructive feedback to students on their skills and performance in both individual and group tasks.
(2) Promote peer collaboration and learning.
(3) Develop student critical evaluation, judgement and feedback skills.
(4) Allow students to assess their ongoing skills development and identify their individual strengths and weaknesses.
(5) Provide students with an opportunity to learn from this feedback to improve subsequent performance.
(6) Determine marks for individual submissions. The authors' intention is to use self and peer assessment processes to move students from being novice to become more expert in their development as they progress through the subject and subsequently through their degree. To achieve this
we have an intentional focus on using results to facilitate the provision of feedback.
Students are provided with the percentage mark (if applicable), SPA and SAPA factors for themselves and each of their group members. After allowing sufficient time for students to personally reflect on the assessments, each group is guided through a feedback process (Willey & Freeman 2006a, Willey and Gardner 2008c) .
Providing opportunities for students to practise, followed by feedback multiple times a semester, affords students an opportunity to test both their judgement and what they have learnt, and then reflect to improve their performance. Students are actively encouraged by their tutors to view using self and peer assessment as a learning opportunity in which participation will not only assist them in learning, developing their professional skills and provide feedback, but also help them to produce a better project.
Method
Self and Peer assessment was integrated into four distinct peer learning assessment tasks that combine to form a major design project. The tasks were as follows:
(1) Individual Project Concept: Students use SPARK PLUS to assess their own and seven of their peer's submissions, rating each student's individual product concept developed to meet a number of specified criteria (approx 1.5 hrs). In the next tutorial (2 to 3 hours) the group of eight students debate the merits of each individual submission (discussing their individual strengths and weaknesses) and collectively place them in order from best to worst, awarding a mark for each.
Students then receive the results from SPARK PLUS and are asked to reflect on any differences between results produced from their individual assessments (SPARK
PLUS
) and those produced collectively in their peer group. The tutor marks and provides feedback (to complete the learning cycle) on one report from each group and determines the marks for the other reports using the weighting produced by SPARK PLUS .
The peer learning groups are divided into two groups of four students. These groups of four students then work together to complete the design project.
(2) Benchmarking Exercise: Students are provided with a Sample Requirement
Specification report produced by a student group from a previous semester. After discussing the marking criteria each student has to individually assess the report using SPARK PLUS (approx 45 minutes). These are the same criteria that will be used by tutors to mark each group's Requirements Specification report submitted later in the semester. In their next tutorial (approx 2 hours) each group of four students discuss their marking of the report and re-mark it collectively against the criteria. Students then re-combine into their peer learning groups (two groups of four students) and discuss their group's marking of the report, reflecting on any differences and collectively re-mark it. Tutors then discuss how they marked the report. After the tutorial students may log on to SPARK PLUS and compare their individual marking to the instructor's marking of the report for each individual criterion. In addition, SPARK PLUS produces a mark based on how close the student's individual assessment was to the academic's assessment. (4) Project Report, Oral Presentation and Prototype Demonstration: each group of students produce a project report, make an oral presentation and present their prototype design. Students again use SPARK PLUS to rate their own and their team peers' contribution to this stage of the project. This is followed by the same feedback process and discussion as previously described for the Requirement Specification report (approx 1 hour).
In Spring semester 2008 a number of subject surveys were conducted to assess the effectiveness of the self and peer assessment processes used. The questions in all surveys were a mixture of free response and 4 point Likert format. While all students undertaking the project (eligible cohort 255, some repeating students complete different activities) were required to participate in the assessment exercises, in accordance with our ethics approval, participation in the surveys was voluntary. The first two surveys (Individual Project Concept and Benchmarking) were conducted in tutorial classes resulting in 209 and 200 students responding respectively. The post subject survey was much longer, covering a number of topics, conducted online just before the exam period and took students at least 30 to 45 minutes to complete. Of the eligible cohort, 89 students (35%) volunteered to complete the online survey.
Results and Discussion
The survey results relevant to this paper are shown in The results presented in Figure 3 , show that the majority of students (ranging from 78% to 91%) believed that all aspects of the group marking of individual submissions improved their ability to choose and report on a product concept. While this does not mean that the self and peer assessment processes used cannot be improved, it does demonstrate that each distinct process within each assessment task contributed significantly to improving a student's ability to achieve the prescribed learning outcomes. The results reported in Figure 5 show that students believed that all aspects of the benchmarking exercise improved their ability to write a Requirement Specification report. In the benchmarking exercise 37% of students reported that discussing the specification marking within the group and then re-marking it collaboratively was the part of the process that improved their understanding and ability the most (Figure 6 ). This was followed by discussing and re-marking the report within the combined group (25%) and feedback guidance and explanation from the tutor (23%). Only 14% of students reported that their understanding and ability was most improved by reading and assessing the specification by themselves. While the fact that students found different parts of these tasks to be the most beneficial in improving their understanding and ability may be partly explained by differences between individual learning styles, the results do suggest that collaborative peer learning activities are generally the most beneficial. Conversely the fact that 31% (individual project concept marking) and 14% (benchmarking exercise) of students reported that individual work provided them with the most benefit supports the deliberate intention to design collaborative learning oriented assessment tasks that accommodate students' diverse learning styles and abilities by providing a number of different opportunities that build on each other to learn.
An aspect that should be considered in interpreting these results is that it tends to be the middle activity in these exercises that most students felt provided the most benefit. This is not surprising as students develop some understanding in the individual segment of the task, they build on this learning and explore their understanding in the collaborative group exercise while the last component involving interaction with the tutor happens after most of the learning has already occurred and serves mainly to clarify any outstanding questions and issues.
Furthermore, the group discussion exercises are specifically designed to promote peer collaboration. For example in the individual project concept exercise, the marking scheme is such that it is in each student's interest to honestly grade each concept rather than to just argue for their own idea as the best group outcome occurs when their marking aligns with the tutor's (academic moderation is achieved by the tutor marking one report from each group and then using this to calibrate the marks received for the other submissions). The group discussion activity is also different to other parts of the process in that it has a social element, which tends to promote engagement. The process of individually marking the work using SPARK PLUS before the tutorial means most students come to class prepared, having already thought about the assessed work. This promotes high engagement, enabling students to make useful contributions to the discussion and for discussions to quickly focus on areas where there was a difference of opinion. While receiving feedback from the tutor has a personal communication element, this interaction is quite different to the interaction that students have with each other, and probably not as much fun. We acknowledge that the surveys only collect students' subjective perceptions as opposed to an objective test of their learning, so the element of enjoyment and engagement may bias their perceptions of where their learning occurred. For example, it is reasonable to suggest that if the collaborative discussion part of the process is where students are most engaged and have the most fun, then this probably contributes to the perception that this is the part of the activity in which they learnt the most. Irrespective of any potential bias the fact remains that the success of these activities in improving student engagement and learning hinges on the opportunity to have these collaborative conversations.
Prior to the exercises tutors discuss with students the learning opportunities available. These vary from teaching others and in the process improving their own understanding, to being taught by their peers. It is our experience that most students adopt a combination of these roles, but we strongly encourage students that feel they have nothing to learn from their peers to take the opportunity to teach. Students have reported that in the process of teaching their peers they have discovered gaps in their own learning, in some cases even reported discovering that they didn't really understand the material at all and, hence, during the exercise switched roles from the teacher to the one being taught.
While there were some complaints from students that it took too long to complete all the parts of the exercises, an issue that is being addressed in the activity design, generally speaking most students were positive in line with the survey free response comments below:
Individual project concept:
" A small number of students in the Individual project concept exercise reported that they did not believe students should be involved with assessing each other's work.
A number of reasons were provided including believing they did not have the knowledge or skill to make fair assessments, they had no confidence in the assessments or feedback provided by their peers or they thought it was not their responsibility and hence they should not be required to do it. These attitudes are evident in the following free response comments: The fact that students feel uncomfortable, or felt they and/or their peers lacked the judgement to assess each other's work, is the very reason why such tasks should be a regular part of learning activities. Students need opportunities to practise using and receiving feedback on their judgement. Most academic staff can still remember their uncertainty the first time they had to grade papers with confidence in our own judgement growing the more we participated in (ie. practised) such activities. As previously stated mistakes compress learning -if students do not regularly practise making assessments, exercising their judgement and reflecting on the results, these skills will remain underdeveloped.
In addition, through our observations of the two previously described collaborative exercises we formed the opinion that conversations were the mechanism that promoted learning. The collaborative conversations were a timely forum for students to test and receive feedback on their knowledge and understanding.
Frequently, when feedback is given, students do not respond to or test their understanding of the feedback until well after it has been provided. Often in the case of endpoint assessments this understanding remains untested. The collaborative exercises allow students to test their judgement, receive feedback and explore their understanding in a relatively short time frame. The collaborative conversations appeared to help students embed their learning, transforming it from untested opinion to knowledge that could then be applied in new contexts to create new learning.
Figures 7(a) and 7(b) report the results for the two self and peer assessment exercises used to determine a team member's contribution to the last two stages of the project. The results suggest that the use of self and peer assessment made a significant contribution to students' engagement and learning, with 74% of respondents agreeing that it encouraged them to put more consistent effort into their assigned work, 73% agreeing it improved their ability to make assessments, 75%
agreeing it improved their ability to both give and receive feedback, 69% agreeing that the feedback they received improved their contribution and 60% agreeing that this feedback will help them build on their strengths and address their weaknesses.
Furthermore, 65% of respondents agreed that the self and peer assessment processes added value to the group work experience. These results are particularly encouraging given our aim to see students eager to participate in self and peer assessment processes as a result of finding them valuable and desirable. The overall results support the conclusion that using self and peer assessment to provide multiple opportunities to practise and receive feedback in different contexts encouraged peer learning, increased engagement and students' desire to learn.
However, the above comments indicate that there are still students who regard the major function of self and peer assessment as being to deter free-riders. This perception needs to be changed if students are to receive the potential benefits from the feedback these processes provide. It was also apparent that students need more training and support to develop their team skills, in particular dispute or conflict resolution, and the ability to give constructive feedback.
As part of our response to these findings SPARK PLUS is currently being expanded to facilitate students receiving a grade for the quality and usefulness of feedback they provide to group peers. It is our opinion that given the competitive nature of some students, unless the quality of the feedback they provide is assessed, they may be reluctant to provide beneficial feedback to tasks that allow resubmission, for fear of helping a fellow student to exceed their own final grade. While this situation is not ideal, with our aim being for students to focus on learning and not grades, for this to occur the attitude of many students needs to change -as indicated in the last free response comment for some improving their grade "is ultimately the student's number 1 aim".
Conclusion
The results show that the multiple use of self and peer assessment processes for different purposes within a single subject was successful in assisting students in achieving the desired learning outcomes. In general, students reported that the feedback they received, in a number of different contexts, particularly in the peer learning exercises, increased engagement and successfully supported them to learn.
However, we found that more effort is required to break down the reluctance of some students to assess their peers and to change the narrow focus of some students that self and peer assessment is only a tool to facilitate fairness. This study also found that while the new features provided in SPARK PLUS were successful in improving the available outcomes from using self and peer assessment, particularly in large classes, more improvements are required, such as the facility to assess feedback, to complete the learning cycle.
